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DESCRIPTION 
BENDING METHOD AND BENDING SYSTEM 

This is a continuation application of U.S. 
ApplicationNo. 09/581, 174, filed September 5, 2000, which 
5 isaU.S. National Stage of PCT/ JP98/05745, filed December 
18, 1998, the contents of each of which are expressly 
incorporated by reference herein in their entireties. 
The International Application was not published under 
PCT Article 21(2) in English. 

10 Technical Field 

The present invention relates generally to bending 
method andbending system andmore particularly to bending 
method and bending system achieved by taking into account 
a spring back and elongation which accompany bending. 

15 Background Art 

Conventionally, when a sheet material is bent, 
generally, a bending angle of the sheet material W is 
measured to confirm a processing accuracy. That is, if 
a bending load is removed from the sheet material W being 

20 bent, the sheet material W is returned to its original 
shape due to a spring back as shown in Fig.l. Thus, if 
the bending angle does not reach its object angle, 
corrective bending is further carried out so as to carry 



25 



out correction. The spring back amount can be obtained 
from a difference in the angle of the workpiece W between 
before and after the load is removed. 

As for measurement of the bending angle, according 
5 to a non-contact type measurement method shown in Fig. 2, 
light L is projected to the sheet material W bent by 
cooperation of a punch P and die D and then its reflected 
light is received to measure a bending angle. 
Alternatively, according to another method, as shown in 
10 Fig. 3, an indicator 101 is brought into contact with the 
bent flange of the sheet material W and the bending angle 
is measured based on a moving amount of the indicator 
101. 

However, according to these conventional 
15 technologies, upon actual bending operation, a corrective 

bending must be carried out withmeasurement of the bending 

angle and to achieve an accurate bending, the corrective 

bending must be executed repeatedly, thereby 

necessitating much time and labor. 
20 Further, sometimes, when the sheetmaterial isbent, 

an elongation may occur, so that the bending cannot be 

carried out with accurate dimension. 

The present invention has been achieved in views 

of the above described conventional technologies, and 
25 an object of the invention is to provide a bending method 
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and bending system capable of carrying out bending with 
a highly accurate bending angle and dimension without 
executing the corrective bending repeatedly. 

5 Disclosure of Invention 

According to an aspect of the present invention, 
there is provided a bending method that includes the 

following steps (1) to (10) : 

(1) step of creating a three-dimensional 
10 stereoscopic diagram through an expansion plan based on 

graphic information of a product; 

(2 ) step of displaying a major dimension and a 
tolerance in the three-dimensional stereoscopic diagram 

created in the step (1); 
a5 (3) step of displaying a test piece manufactured 

preliminarily of the same material as that for use in 
manufacturing the product; 

(4) step of carrying out trial bending on the test 
piece displayed in the step (3) and measuring a bending 

20 angle before load removal; 

(5) step of measuring a bending angle after a load 
isremovedinthetrialbendingof thestep (4) andmeasuring 
an elongation amount of flange width due to the bending; 

(6 ) step of calculating a spring back amount from 
25 a bending angle before the load is removed of the step 



-4- 



,4) and a bending angle after the load is removed o£ the 
step (5); 

,7) step o£ obtaining an object D value from the 
spring baok amount of the step (6) and obtaining an object 
5 I value from the elongation amount of the step (5); 

(8) step of carrying out actual bending based on 
the object D value and the object L value; 

(9) step of measuring a bending angle and a flange 
width after a load for the actual bending of the step 

M (8) is removed and determining whether or not the measured 
angle and the measured flange width are within tolerances 
relative to an object angle and an object flange width; 
and 

(10) step in which if it is determined that the 
rs measured angle and the measured flange width are within 
the tolerances in the step (9) , the bending is terminated; 
and if it is determined that the measured angle and the 
me asured flange width are not within the tolerances, a 
correction value D is obtained from a difference between 
20 the object bending angle and an actual bending angle; 
a correction L value is obtained from a difference between 
the object flange width and an actual bending flange width; 
corrective bending is carried out according to the 
correction D value and correction L value ; the processing 
25 is returned to the step (9) ; and accordingly the steps 
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(9) and (10) are repeated* 

Therefore, the three-dimensional stereoscopic 
diagram is produced from the product graphic information 
and at the same time, the major dimension and the tolerance 
5 are displayed on this three-dimensional stereoscopic 
diagram. On the other hand, the test piece is produced 
preliminarily of the same material as that for use in 
producing a product and this test piece is displayed and 
bent for trail so as to obtain a spring back amount and 

10 an elongation amount of a flange dimension. Because the 
test piece is manufactured of the same material as the 
final product, the spring back amount and the elongation 
amount of the flange obtained from the trial bending are 
the same as those obtained in an actual bending on the 

15 product. Thus, an object D value for the stroke in the 
actual bending and an object L value for the back gauge 
position are set up considering the spring back amount 
and the elongation amount of the flange obtained as a 
result of the trial bending so as to carry out the actual 

20 bending. The bending angle and flange dimension in the 
actual bending are measured. If they are not within 
tolerances relative to the object bending angle and the 
object flange dimension, the correction D value and 
correction L value are calculated to carry out the 

25 corrective bending. This procedure is repeated until 
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they fall within the tolerances. 

According to another aspect of the present invention , 
there is provided a bending method that includes the 
following steps (1) to (9) : 
5 (1) step of creating a three-dimensional 

stereoscopic diagram through an expansion plan based on 
graphic information of a product; 

(2) step of displaying a major dimension and a 
tolerance in the three-dimensional stereoscopic diagram 

10 created in the step (1); 

(3) step of displaying a test piece manufactured 
preliminarily of the same material as that for use in 
manufacturing the product; 

(4) step of bending the test piece displayed in 
15 the step (3) for trial based on a spring back amount and 

an elongation amount obtainedpreliminarily under various 
processing conditions; 

(5) step of measuring a bending angle and a flange 
dimension of the test piece bent in the step (4) after 

20 a load is removed and then comparing the bending angle 
and the flange dimension with their object values; 

(6) step of calculating an object D value and an 
object L value considering a difference between object 
values and measured values and various attributes; 

25 (7) step of carrying out actual bending based on 
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the object D value and the object L value; 

(8) step of measuring a bending angle and a flange 
width after a load for the actual bending of the step 
( 7 ) is removed and determining whether or not the measured 

5 bending angle and the measured flange width are within 
tolerances relative to an object bending angle and an 
object flange; and 

(9) step in which if it is determined that themeasured 
bending angle and the measured flange width are within 

10 the tolerances in the step (8) , the bending is terminated; 
and if it is determined that the measured bending angle 
and themeasured flange width are not within the tolerance s, 
a correction value D is obtained from a difference between 
the object bending angle and an actual bending angle; 

15 a correction L value is obtained from a difference between 
the object flange width and an actual bending flange width 
so as to be stored in a data base; corrective bending 
is carried out according to the correction D value and 
the correction L value; the processing is returned to 

20 the step (9) ; and accordingly the steps (9) and (10) are 
repeated. 

Therefore , the three-dimensional stereoscopic 
diagram is produced based on the product graphic 
information and at the same time, the major dimension 
25 and the tolerance are displayed in this three-dimensional 
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stereoscopic diagram. On the other hand, a spring back 
amount and an elongation amount in the flange dimension 
are obtained preliminarily under various processing 
conditions for the test piece produced of the same material 
5 as that for use in producing the final product . The ob j ect 
D value of the stroke and the object L value of the back 
gauge position are set up considering these preliminarily 
obtained spring back amount and elongation amount in the 
flange dimension and then trial bending is carried out. 

10 Because the test piece is produced of the same material 
as the product, it is considered that the preliminarily 
obtained spring back amount and elongation amount in the 
flange are the same as those in the actual bending on 
the product. Therefore, the bending angle and the flange 

15 dimension in the actual bending are measured and then, 
the object D value and object L value are calculated 
considering a difference between the object bending angle 
and object flange dimension and various processing 
conditions so as to carry out the actual bending. After 

20 the actual bending, the bending angle is measured and 
if the measured angle is not within the tolerance, the 
correction D value and correction L value are calculated 
and the corrective bending is carried out. Then, this 
procedure is repeated until they fall within the 

25 aforementioned tolerances. 



According to still another aspect of the present 
invention, there is provided a bending method for bending 
both sides of a major dimension portion of a workpiece 
to form flanges, wherein a dimension of one bent flange 
5 is measured; if the measured value is over an object value, 
an object L value in the other flange processing is set 
to be below a flange dimension by a predetermined value; 
if the measured value is below the object value, the object 
L value in the other flange processing is set to be over 

10 the flange dimension by a predetermined value; and then 
bending is carried out with the set object L value. 

Therefore, when both sides of the major dimension 
portion of a workpiece are bent to form flanges, first 
of all, one flange is formed by bending and then its flange 

15 dimension is measured. If the measured value is over 
an object value, an object L value that set the other 
flange dimension shorter is calculated. If the measured 
value is below the object value, an object L value that 
set the other flange dimension longer is calculated and 

20 then the bending is carried out. 

According to yet another aspect of the present 
invention, there is provided a bending method for bending 
both sides of a major dimension portion of a workpiece 
to form flanges, wherein a dimension of one bent flange 

25 is measured; and when a dimension of said major dimension 
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portion is within a tolerance if a dimension of the other 
flange is the same as the dimension of said one bent flange, 
the workpiece is inverted and then subjected to bending 
with the same L value. 
5 Thus, when both sides of the major dimension portion 

of the workpiece are bent to form flanges, first of all, 
one flange is formed by bending and its flange dimension 
is measured. When a dimension of said major dimension 
portion is within a tolerance if a dimension of the other 

10 flange is the same as the dimension of said one bent flange, 
the workpiece is inverted and then subjected to bending 
with the same L value. 

According to an aspect of the present invention, 
there is provided a bending method for bending both sides 

15 of amaj or dimension port ion of a workpiece to form flanges, 
wherein a dimension of one bent flange is measured; and 
if the measured value is within a tolerance, a dimension 
of said major dimension portion is assumed to be an object 
L value and said one bent flange is brought into contact 

20 with end gauges for bending. 

Thus, if the dimension of one bent flange is within 
the tolerance, the object L value is set up with respect 
to the major dimension portion and then the bending is 
carried out. 

25 Further, to achieve the above object, according 



-11- 

to another aspect of the present invention, there is 
provided a bending system for manufacturing a product 
by bending a sheet material by means of a bending machine, 
including: three-dimensional stereoscopic diagram 
5 creating means for creating a three-dimensional 
stereoscopic diagram through an expansion plan based on 
graphic information of the product; major dimension 
display means for displaying a major dimension in the 
three-dimensional stereoscopic diagram created by the 

10 three-dimensional stereoscopic diagram creating means; 
test piece display means for displaying the test piece 
manufactured preliminarily of the same material as 
material for use in producing the product; a bending angle 
measuring device for measuring bending angles of the test 

15 piece bent by the bending machine and the product; spring 
back amount setting means for setting a spring back amount 
for the test piece; and object stroke calculating means 
for calculating an object D value corresponding to an 
object bending angle of actual bending for the product 

20 considering the spring back amount obtained by the spring 
back amount setting means. 

Thus, the three-dimensional stereoscopic diagram 
creating means produces the three-dimensional 
stereoscopic diagram based on the product graphic 

25 information and the major dimension display means displays 
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the major dimension, tolerance and the like in this 
three-dimensional stereoscopic diagram. On the other 
hand, the test piece display means displays the test piece 
manufactured preliminarily of the same material as that 
5 for use in producing the product. By bending this test 
piece for trial, the bending angle measuring device 
measures the bending angles before and after the bending 
load is removed (before and after the load removal) . The 
object stroke calculating means calculates the object 
10 D value relative to the object bending angle considering 
the springbackamountsetbythespringbackamount setting 

means and carries out the actual bending. 

According to still another aspect of the present 
invention, there is provided a bending system wherein 
15 the spring back amount settingmeans calculates the spring 
back amount from a difference in bending angle between 
before and after a load on the test piece is removed, 
the bending angle being measured by the angle measuring 
device . 

20 Thus, the bending angles before and after the load 

on the test piece for the trial bending is removed are 
measured and the spring back amount is calculated from 

the difference. 

According to yet another aspect of the present 
25 invention, there is provided a bending system wherein 
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the spring back amount setting means includes a data base 
for storing the spring back amounts for the test piece 
corresponding to various processing conditions, the 
spring back amounts being preliminarily obtained. 
5 Therefore, the spring back amount for a test piece 

to be subjected to the trail bending is set up based on 
the springback amount stored in the data base corresponding 
to various processing conditions. 

According to an aspect of the present invention, 

10 a bending sy sternal so includes a flange dimensionmeasuring 
device for measuring a flange dimension of the test piece 
bent for trial; and an object L value calculating means 
for calculating an object L value corresponding to an 
object flange dimension in actual bending considering 

15 anelongationof the f langemeasuredby the f langedimension 
measuring device. 

Therefore, the flange dimension measuring device 
measures the flange dimension of the test piece bent for 
trial to obtain the elongation amount . Considering this 

20 elongation amount, the object L value calculating means 
calculates the object L value with respect to the object 
flange dimension. 

According to still another aspect of the present 
invention, a bending system includes correction value 

25 calculating means for setting a correction D value for 



corrective bending to be carried out if a bending angle 
after the load for actual bending is removed, measured 
by the bending angle measuring device is not within a 
tolerance relative to the object bending angle, so as 
to put the measured bending angle within the tolerance. 

Thus, if the bending angle in the actual bending 
is not within the tolerance which is a permissible range 
relative to the ob j ect bending angle , the correction value 
calculatingmeanssetsupthecorrectionDvalueandcarries 

out the corrective bending. 

According to still another aspect of the present 
invention, abending systemalso includes correction value 
calculating means for setting a correction L value for 
corrective bending to be carried out if a flange dimension 
after the load for actual bending is removed, measured 
by the bending angle measuring device is not within a 
tolerance relative to the object flange dimension, so 
as to put the measured flange dimension within the 
tolerance . 

Thus, if the flange dimension in the actual bending 
is not within the tolerance which is a permissible range 
relative to the object flange dimension, the correction 
value calculating means sets up the correction L value 
and carries out the corrective bending. 

According to yet another aspect of the present 
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invention, a bending system is provided wherein a 
high-level NC apparatus includes the three-dimensional 
stereoscopic diagram creating means and the major 
dimension display means and a low-level NC apparatus 
5 includes the test piece display means, the bending angle 
measuring device, the spring back amount setting means, 
the object stroke calculatingmeans, the flange dimension 
measuring device and the correction value calculating 
means, the low-level NC apparatus belonging to a bending 
10 machine. 

Thus, the three-dimensional stereoscopic diagram 
creatingmeansandmaj or dimension displaymeans, provided 
on the high-level NC apparatus, create the 
three-dimensional stereoscopic diagram and at the same 

15 time, displays the major dimension. On the other hand, 
the test piece displaymeans, the bending angle measuring 
device, the spring back amount setting means, the object 
stroke calculating means, and the flange dimension 
measuring device, provided on the low-level NC apparatus, 

20 carry out the trial bending on the test piece and measure 
the bending angles and flange dimensions before and after 
the bending load is removed. Further, the spring back 
amount and elongation amount are calculated so as to set 
up the object D value and the objet L value. If there 

25 is a necessity, the correction D value and the correction 



L value are set up so as to execute the corrective bending . 



Brief Description of Drawings 

Fig.l is an explanatory diagram of a spring back. 
5 Fig. 2 is a side view showing a non-contact type 

bending angle measuring apparatus using light. 

Fig. 3 is a sectional view showing an example of 
the non-contact type bending angle measuring apparatus. 
Fig. 4 is a block diagram showing a structure of 
10 a bending system according to the present invention. 

Fig . 5 is ablockdiagramshowingprocessings carried 
out by a high-level NC apparatus. 

Fig. 6 is a diagram showing the content displayed 
on an operation panel of a low-level NC apparatus. 
15 Fig. 7 is a flowchart showing respective steps of 

a bending method according to the present invention. 

Fig. 8 is a flowchart showing respective steps of 
the bending method according to another embodiment of 
the present invention. 
20 Fig. 9 is aperspective view showingmajor dimensions 

of a product. 

Figs.lOA and 10B are explanatory diagrams showing 
an inversion conditionafter the above bendingprocessing. 

Figs.llA, 11B and 11C are explanatory diagrams 
25 showing a relation between end gauges and a workpiece. 



-17- 



Best Mode for Carrying Out the Invention 

Hereinafter, the embodiments of the present 
invention will be described in detail with reference to 
5 the accompanying drawings . 

Fig .4 shows a bending system 1 according to the 
present invention. This bending system 1 includes a 
high-level NC apparatus 3 and a low-level NC apparatus 
5 belonging to a bending machine 7 for bending a sheet 
10 material W. 

The high-level NC apparatus 3 has three-dimensional 
stereoscopic diagram creating means 9, major dimension 
display means 11 and the like. Diagrams which will be 
described below are displayed on a display screen 13 (see 
15 Fig. 5) . 

Referring to Fig. 5, the three-dimensional 
stereoscopicdiagramcreatingmeans 9 creates anexpansion 
plan by face synthesis and face pick-up by means of an 
automatic program (CAD) based on inputted product graphic 

20 data (for example, trihedral diagram) . At this time, 
when respective faces of the trihedral diagram are 
separated and corresponding faces are combined with each 
other successively, sheet material inner radius, die V 
width, bending angle, elongation, whether normal bending 

25 or inverse bending and the like are inputted as bending 
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attribute so as to create the expansion plan. The CAD 
automatically creates the three-dimensional 
stereoscopicdiagramforanactualproductfromthe created 

expansion plan including those bending attributes. 

Further, the following operation based on the 
attributes may be carried out in order to calculate more 
accurate dimensions of the expansion plan considering 
an elongation which occurs upon bending. 

For example, mechanical attributes of the bending 
machine include deflection of upper and lower tables, 
deflection of a side plate, disalignment of the upper 
and lower tables, capacity tonnage and the like. Die 
attributes thereof include punch tip radius, die V width, 
punch bending, die pressure resistance, punch tip wear 
and the like . Material attributes thereof include sheet 
thickness, material, tensile strength, Young ' s modulus 
ofelasticityandthelike. Processingattributes thereof 
include bending order, bending speed, workpiece warpage, 
home position settingmethod and the like . Environmental 
attributes thereof include space, room temperature, 
possessed machines and the like. 

The major dimension display means 11 displays major 
dimensions, angles, tolerances and the like which are 
inputted based on product graphic data corresponding to 
the aforementioned three-dimensional stereoscopic 
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diagram. An operator inputs data through this major 
dimension display means 11. 

Referring to Fig . 4 again, the low- level NC apparatus 
5 connected to the high-level NC apparatus 3 includes 
5 a test piece display means 15, a spring back amount setting 
means 17, an object stroke calculating means 19, an object 
L value calculating means 21, a correction value 
calculating means 23 and the like. Contact type or 
non-contact type bending angle measuring device 25 and 

10 flange dimension measuring device 27 like calipers are 
connected to the low-level NC apparatus through a 
transmitter and a receiver which are not shown in Figures ) , 
so that measured bending angle and flange dimension are 
automatically transmitted to the low-level NC apparatus 

15 5 immediately. 

Referring to Fig . 6 at the same time, the test piece 
display means 15 displays a test piece TP. This test 
piece TP is produced preliminarily using a margin of a 
blank material for example, such that it is composed of 

20 the same material (in terms of quality and thickness) 
as a sheet material W for forming a product. By bending 
the test piece TP, it is intended to obtain a spring back 
amount which occurs when the sheet material W is actually 
bent or an elongation amount of the sheet material W 

25 accompanying the bending. In this test piece TP, the 



-20- 

same major dimensions, angles and the like as in the 
aforementioned three-dimensional stereoscopic diagram 
are displayed. The operator exerts trial bending 
regarding the test piece TP displayed on the operation 
5 panel 29 of the low-level NC apparatus 5. 

Referring to Fig. 4 again, the spring back amount 
setting means 17 carries out bending on the displayed 
test piece TP and measures bending angles before a load 
is' removed (hereinafter referred to as "before load 

10 removal") and after the load is removed (hereinafter 
referred to as "after load removal") so as to calculate 
a spring back amount. 

The object stroke calculating means 19 calculates 
an ob j ect D value for actual bending considering the spring 

15 back amount obtained by the spring back amount setting 
means 17. The object L value calculating means 21 
calculates an ob j ect L value which determines a back gauge 
position considering an elongation amount obtained from 
a difference in the flange dimension between before and 

20 after the load removal measured by the flange dimension 
measuring device 27. 

The correction value calculating means 23 
calculates a correction D value and correction L value 
for corrective bending to be carried out if a bending 

25 angle measured after an actual bending does not reach 
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the object bending angle. 

The correction D value and correction L value are 
calculated considering the aforementioned respective 
attributes and consequently, data in the data base is 

5 updated thereby. 

Next, bending method by the bending system 1 will 
be described with reference to Fig. 7. 

If bending is started (step SS) , the 
three-dimensional stereoscopic diagram creating means 

10 9 creates a three-dimensional stereoscopic diagram (or 
three-dimensional perspective view) through the 
aforementioned expansion plan based on the trihederal 
diagram or the like which is graphic data of a product 
inputted into the high-level NC apparatus 3 (step SI) . 

15 The major dimension display means 11 displays major 
dimensions in the three-dimensional stereoscopic diagram 
obtained in the previous step (step S2) . 

On the other hand, the test piece TP is produced 
using the same material as material for use in producing 

20 a product, preliminarily (step S3) . Trial bending is 
carried out on this test piece TP so as to measure a bending 
angle before the load removal (step S4) . At the same 
time, a bending angle after the load removal and the flange 
dimension are measured (step S5) . 

25 In this trial bending, for example, the test piece 
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TP is bent to an object bending angle of 90° using a manual 
pulser and bending angles before and after the load removal 
are measured to obtain the spring back amount (step S6) . 
This spring back amount can be considered to be equal 

5 to a spring back amount generated when material for use 
in producing a product is bent. Further, after the load 
removal, the f langedimensionismeasuredandanelongation 
by bending is obtained ( step S7 ) . A result of measurement 
at this time is inputted directly into the low-level NC 

10 apparatus 5 as described above. 

Thus, an object bending angle and object end gauge 
position are calculated considering the calculated spring 
back amount and elongation (step S8) . For example, if 
the obtained spring back amount is l°50 f and the obtained 

15 elongation is 0.3 mm, the object bending angle is 90° 
- 1°50' = 88°10' and the object end gauge position is 
-0.3 mm. Thus, an actual bending is carried out based 
on corresponding object D value and object L value (step 
S9) . 

20 A bending angle, after the load removal is carried 

out after the actual bending, is measured (step S10) . 
Then, whether or not the actual bending angle is within 
a tolerance of the object bending angle is determined 
(step Sll) . If the actual bending angle is within the 

25 tolerance, the processing is completed (step SE) . On 
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the other hand, if the actual bending angle is not within 
the tolerance, a correction bending angle is obtained 
according to the actual bending angle and object bending 
angle (step S12) and then, a correction D value 
5 corresponding to this value is obtained so as to carry 
out corrective bending (step S13) . After that, the 
aforementioned step S10 to step S13 are repeated until 
the value falls within the tolerance. 

The spring back amount and elongation amount are 

10 obtained fromthetrialbending on the test piece TPproduced 
with the same material as the product. Then, the object 
D value and object L value are set up considering this 
spring back amount and elongation so as to carry out the 
bending. Thus, an accurate bending can be carried out 

15 effectively. 

Next, the bending method according to another 
embodiment will be described with reference to Fig. 8. 

The data base contains spring back amounts and 
elongation amounts of workpiece W under diversified 

20 processing conditions based on classified workpiece angle, 
sheet thickness, material, die, bending length and the 
like. By using these data, simple bending can be carried 
out without a necessity of obtaining them from the test 
piece TP unlike the above described embodiment. 

25 That is, if bending is started (step SS) , the 



-24- 



three-dimensional stereoscopic diagram creating means 
9 creates a three-dimensional stereoscopic diagram (or 
three-dimensional perspective view) through the 
aforementioned expansion plan based on the trihederal 
5 diagram or the like which is graphic data of a product 
inputted into the high-level NC apparatus 3 (step S14) . 
The major dimension display means 11 displays major 
dimensions in the three-dimensional stereoscopic diagram 
obtained in the previous step (step S15) . 

10 On the other hand, the test piece TP is produced 

using the same material as material for use in producing 
a product, preliminarily (step S16) . Then, bending is 
carried out on this test piece TP using the D value and 
L value considering the spring back amount and elongation 

15 amount corresponding to diversified processing 
conditions stored in the data base (step S17) . 

After the processing, the test piece is taken out 
and bending angle and flange dimension are measured (step 
S18) . The measured angle (for example, 91°) andmeasured 

20 flange dimension (for example, 31 mm) are compared to 
each object value (step S19) and then, the correction 
D value and correction L value are calculated considering 
a difference between the measured value and object value, 
and respective attributes (step S20) . Then, actual 

25 bending is carried out (step S21) . 
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A bending angle and flange dimension in actual 
bending are measured (step S22) and whether or not they 
are within a tolerance relative to the object angle and 
dimension is determined (step S23) . If they fall in the 

5 tolerance, the processing is completed (step SE) . If 
the bending angle and flange dimension are not within 
the tolerances, a correction value is obtained based on 
a difference between the measured value and object value 
(step S24 ) . The correction D value and correction L value 

10 are stored in the data base (step S25) and additional 
bending is carried out (step S26) . Then, the 
aforementioned step S22 to step S26 are repeated until 
the measured value falls within the tolerance. 

As described above, the bending is carried on the 

15 test piece considering the spring back amount and 
elongation amount stored in the data base. Then, the 
actual bending is carried out using the D value and L 
value set up considering this result. Thus, it is not 
necessary to obtain the spring back amount and elongation 

20 amount by carrying out the trial bending on the test piece 
TP and therefore, an accurate bending can be carried out 
easily. 

Next, still another embodiment of the present 
invention will be described with reference to Fig . 9 . This 
25 embodiment will be described about a case in which the 
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f lange dimension is corrected based on major dimensions . 

Assuming that the ma j or dimension of a product shown 
in Fig. 9 is a length (200 mm ± 0.2) of a bottom 31, the 
product and test piece are displayed on the operation 
5 panel 29. After the bending is carried out on a test 
piece TP of the same material and thickness as the product, 
the test piece TP is taken out and its flange dimension 
is measured . The flange dimension is 30 . 2 mm for example . 
This measured value is inputted to the NC apparatus 5 

10 and the bottom dimension of the product which is the major 
dimension is estimated from the above measured value. 
That is, because the bending is executed under the same 
processing condition, 30.2 mm is estimated here. 

Therefore, it is estimated that thebottomdimension 

15 is 200 - 0.2 x 2 = 199.6 mm, however this value is out 
of the tolerance of the bottom dimension. Then, 
considering that the flange dimension of 30.2 mm of a 
previous bending exceeds the object value (30 mm), the 
bending is carried out so that the flange dimension of 

20 the other side is below the object value. That is, the 
test piece is inverted from a state in which the end gauges 
33 make contact therewith as shown in Fig.lOA to a state 
shown in Fig.lOB and at the same time, by setting the 
flange dimension to 29.8 mm, the flange on an opposite 

25 side is bent. Because the tolerance for the flange 
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dimension is large, the flange dimension can be adjusted 

sufficiently. 

As a result, it is estimated that the dimension 

of the bottom 31 which is the major dimension is 200 mm 
5 and therefore, the major dimension can be included within 

the tolerance. 

Alternatively, because as a result of the bending 

on the test piece, the flange dimension is 30.2 mm and 

then, the bottom dimension which is the major dimension 
10 is 199 . 6mm, which cannot be included within the tolerance, 

it is permissible to calculate the L value so that both 

the flange dimensions are 30 . 1 mm and carry out the actual 

bending on this condition. 

If as shown in Figs. 11A and 11B, the flange dimension 
15 is within the tolerance as a result of measurement after 

one flange is bent, the bent flange is brought into contact 

with the end gauges. As shown in Fig.llC, the L value 

is determined so that the dimension of the bottom 31 is 

200 mm and then the bending is carried out. 
20 Consequently, the bottom dimension which is the 

maj or dimens ion canbe included within the tolerance easily. 

Thus, accurate bending can be carried out easily. 

Meanwhile, the present invention is not restricted 

to the previously described embodiments, and however, 
25 canbe carried out in other embodiments through appropriate 
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modification. That is, although in the previously 
described embodiments, the bending system 1 includes the 
high-level NC apparatus 3 and the low-level NC apparatus 
5 , the bending system may be composed of only the low-level 
5 NC apparatus 5 attached to the bending machine and in 
this case also, the same operation and effect can be 
obtained . 

Industrial Applicability 

10 As described above, according to the bending method 

of the present invention, the three-dimensional 
stereoscopic diagram is created from product graphic 
information and major dimensions and tolerances are 
displayed in the three-dimensional stereoscopic diagram. 

15 Therefore, processing contents can be grasped easily and 
accurately. On the other hand, a test piece manufactured 
preliminarily with the same material as a final product 
is represented and a spring back amount and an elongation 
amount of the f langedimensionareobtainedby trialbending . 

20 Considering the spring back amount and elongation amount 
of the flange obtained by the trial bending, an object 
D value for a stroke in actual bending and object L value 
for back gauge position are set up so as to carry out 
the actual bending. Thus, an accurate bending can be 

25 achieved effectively . Further, if the bending angle and 
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flange dimension in the actual bending are not within 
the tolerances of the object bending angle and object 
flange dimension, corrective bending is executed based 
on calculated correction D value and correction L value, 

5 Further, according to the bending method of the 

present invention, the three-dimensional stereoscopic 
diagram is created from product graphic information and 
major dimensions and tolerances are displayed in the 
three-dimensional stereoscopic diagram. Therefore, 

10 processing contents can be grasped easily and accurately. 
On the other hand, a spring back amount and an elongation 
amount of the flange dimension under aproces sing condition 
considering various attributes f or the test pieceproduced 
preliminarily of the same material as a final product 

15 are obtained beforehand and then, an object D value of 
the stroke and an ob j ect L value of the back gauge position 
are set up considering this spring back amount and 
elongation amount of the flange. Thus, a time and labor 
for calculating the spring back amount can be eliminated. 

20 Because the test piece ismanufacturedof the same material 
as the f inalproduct, the springback amount and elongation 
amount of the flange are considered to be of the same 
values as those obtained in the actual bending for the 
product. Thus, if a bending angle and flange dimension 

25 in trial bending are measured and the object D value and 
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L value are calculated considering a processing condition 
taking a difference between the object bending angle and 
object flange dimension and various attributes into 
account so as to carry out the actual bending, a highly 

5 accurate bending can be expected from the first. If a 
bending angle after the actual bending is measured and 
it is not within its tolerance, a correction D value and 
correction L value are calculated to carry out corrective 
bending. Then, this procedure is repeated until they 

10 fall within the tolerance. Thus, highly accurate bending 
can be executed rapidly and effectively. 

Further, according to the bending method of the 
present invention, if flanges are subjected to bending 
on both sides of a ma j or dimension portion of the workpiece , 

15 first one flange is subjected to bending and its flange 
dimension is measured. If a measured value exceeds an 
object value, an object L value for setting the other 
flange dimension shorter is calculated. If the measured 
value is below the object value, the object L value for 

20 setting the other flange dimension longer is calculated 
andbendingiscarriedout . Therefore, thema jordimension 
port ion canbe included within the allowable range quickly . 

Further, according to the bending method of the 
present invention, if flanges are subjected to bending 

25 on both sides of a major dimension portion of the workpiece, 
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first one flange is subjected to bending and its flange 
dimension is measured. In case where the other flange 
dimension is the same, if the dimensions of the 
aforementioned major dimension portion fall within the 
5 tolerance , the other flange on an opposite side is sub j ected 
to bending. Thus, the major dimension portion can be 
included within the allowable range quickly. 

Further, according to the bending method of the 
present invention, if one flange dimension produced by 
10 bending is within the allowable range, the object L value 
is set by a dimension for the major dimension portion 
and then, bending is executed. Therefore, the bending 
on the ma j or dimension portion can be carried out securely 
and rapidly. 

15 Further, according to the bending system of the 

present invention, the three-dimensional stereoscopic 
diagram creating means creates a three-dimensional 
stereoscopic diagram based on graphic information of a 
product and the major dimension display means indicates 

20 the major dimensions, tolerances and the like in this 
three-dimensional stereoscopic diagram. Thus, the 
processing contents can be grasped easily and accurately. 
On the other hand, the test piece display means displays 
a test piece manufactured of the same material as the 

25 final product and carries out trial bending. Then, the 
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spring back amount setting means obtains a spring back 
amount and sets up an object D value for the stroke in 
an actual bending considering the spring back amount 
obtained by the trial bending so as to carry out the actual 
5 bending. Therefore, the bending can be executed at a 
highly accurate bending angle effectively. 

Further, according to the bending system of the 
present invention, bending angles before and after the 
load removal of a test piece subjected to the trial bending 

10 are measured and then, the spring back amount can be 
calculated according to a difference therebetween. 

According to the bending system of the present 
invention, a spring back amount is set up for a test piece 
to be bent for trial with reference to the spring back 

15 amounts stored in the data base corresponding to various 
processing conditions . Thus, the spring back amount can 
be set up rapidly and easily. 

Further, according to the bending system of the 
present invention, the flange dimension measuring device 

20 measures a flange dimension of a test piece bent for trial 
so as to obtain an elongation amount. The object L value 
calculating means calculates the object L value relative 
to the object flange dimension considering this elongation 
amount so as to carry out the actual bending. Thus, the 

25 bending can be executed at an accurate flange dimension. 
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Further, according to the bending system of the 
present invention, if the bending angle in the actual 
bending is not within the tolerance which is an allowable 
range relative to the ob j ect bending angle, the correction 

5 value calculating means sets up a correction D value so 
astocarryoutcorrectivebending. Therefore, thebending 
can be executed at a highly accurate bending angle. 

Further, according to the bending system of the 
present invention, if the flange dimension in the actual 

10 bending is not within the tolerance which is an allowable 
range relative to the object flange dimension, the 
correction value calculating means sets up a correction 
L value so as to carry out corrective bending . Therefore, 
the bending can be executed with accurate flange 

15 dimensions. 

Further according to the bending system of the 
present invention, the three-dimensional stereoscopic 
diagram creating means provided in the high-level NC 
apparatus having a large processing capacity creates a 

20 three-dimensional stereoscopic diagram and the major 
dimensiondisplaymeans displays ama j or dimension . Thus , 
a large amount operation can be carried out rapidly. 
Further, the test piece display means, bending angle 
measuringdevice, springbackamount settingmeans, object 

25 stroke calculating means and flange dimension measuring 
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device provided on the low-level NC apparatus attached 
to a bending machine together carry out trial bending 
on the test piece and measures the bending angles before 
and after the load removal and flange dimensions, so as 
5 to calculate the spring back amount and elongation amount . 
Then, the object D value and object L value are set up 
and if required, the correction D value and correction 
L value are set up to execute corrective bending. 
Therefore, the structure of the low-level NC apparatus 
10 can be reduced in size. 



